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Abstract: 

The invention relates to a method for preparing a fluorinated product that is a first 
perhalogenated five-membered cyclic compound (e.g., 
1 ,2-dichlorohexafluorocyclopentene and 1 , 1 -dichlorooctafluorocyclopentane). 
This method includes reacting in a gas phase a starting material that is a second 
perhalogenated five-membered cyclic compound having at least one unsaturated 
bond, at substantially the same time with chlorine and hydrogen fluoride, in the 
presence of a fluorination catalyst containing an activated carbon optionally 
carrying thereon a metal compound, thereby to decrease the number of the at 
least one unsaturated bond and to increase the number of fluorine atoms of the 
second compound. The method is appropriate for the production of the first 
perhalogenated five-membered cyclic compound in an industrial scale. 
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(54) Method for preparing perhalogenated f ive-membered cyclic compound 

(57) The invention relates to a method for preparing 
a f luorinated product that is a first perhalogenated f ive- 
membered cyclic compound (e.g., 1 ,2-dichlorohex- 
af luorocyclopentene and 1 , 1 -dichlorooctaf luorocy- 
clopentane). This method includes reacting in a gas 
phase a starting material that is a second perhalogen- 
ated five-membered cyclic compound having at least 
one unsaturated bond, at substantially the same time 
with chlorine and hydrogen fluoride, in the presence of 
a fluorination catalyst containing an activated carbon 
optionally carrying thereon a metal compound, thereby 
to decrease the number of the at least one unsaturated 
bond and to increase the number of fluorine atoms of 
the second compound. The method is appropriate for 
the production of the first perhalogenated five-mem- 
bered cyclic compound in an industrial scale. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to methods for preparing perhalogenated five-membered cyclic compounds, 
such as chlorofluorocyclopentenes and chlorofluorocyclopentanes, particularly 1,2-dichlorohexafluorocyclopentene, 
1 , 1 -dichlorooctaf luorocyclopentane and the like, which are useful as intermediates for heptaf luorocyclopentane and as 
intermediates for various fluorine-containing compounds. Heptaf luorocyclopentane is useful as a fluorine-containing 
detergent, a fluorine-containing drying solvent, or the like. 

10 [0002] It is known that hydrogen-containing f luorinated cyclopentanes are produced at first by f luorinating chlorin- 
ated cycloalkenes corresponding to the fluorinated cyclopentanes to obtain vicinally chlorinated fiuorocyclopentene 
derivatives, and then by f luorinating and hydrogenating these derivatives. It is known that vicinally chlorinated fiuorocy- 
clopentene derivatives are produced by a first method, in which perhalogenated cycloolef ins are used as starting mate- 
rials, or a second method, in which perhalogenated cycloconjugated dienes are used as starting materials. In either of 

75 these first and second methods, the f luorination can be conducted by either a liquid phase process or a gas phase proc- 
ess. This liquid phase process can be conducted by using antimony tnfluoride or hydrogen fluoride as a f luorination 
agent, in the presence of an antimony halide as a fluorination catalyst. Antimony halide is, however, highly corrosive. 
Furthermore, rf hydrogen fluoride is used as the fluorination catalyst in an industrial scale production, the reaction pres- 
sure may become as high as 1 0-30 kg/cm 2 . This may cause some limitations in the selection of devices. The gas phase 

20 process can be conducted by using hydrogen fluoride as a fluorination agent, in the presence of a fluorination agent 
selected from various substances. U.S. Patent 3,178,482 discloses a method for producing 1 ,2-dichlorohexaf luorocy- 
clopentene by f luorinating trichloropentafluorocyclopentene in the presence of activated carbon as catalyst. U.S. Patent 
3,258,500 discloses a method for producing 1,2-dichlorohexafluorocyclopentene by f luorinating 1,2,4-trichloropen- 
tafluorocyclopentene in the presence of chromium oxide (Cr0 3 ) as catalyst. DE 1543015 discloses a method for pro- 

25 ducing 1 ,2-dichlorohexaf luorocyclopentene by f luorinating octachlorocyclopentene in the presence of a Cu/AI oxide. 
[0003] It is disclosed in J. Am. Chem. Soc, 67, 1235 (1945) to react 1 ,2-dichlorohexafluorocyclopentene with chlo- 
rine at 70°C under the UV light irradiation in order to saturate its double bond with a halogen except fluorine. It is dis- 
closed in J. of Fluorine Chem., 49(3), 385-400 (1990) to produce 1,2-dichlorooctafluorocyclopentane by fluorinating 
1 ,2-dichlorohexaf luorocyclopentene at 25°C in the presence of vanadium pentachloride. Japanese Patent First Publi- 

30 cation JP-A-8-333285 discloses a method for producing 1 ,2-dichlorohexaf luorocyclopentene at first by reacting hex- 
achlorocyclopentadiene with chlorine in the presence of antimony trichloride, thereby to respectively convert the 
hexachlorocyciopentadiene and antimony trichloride to octachlorocyclopentene and antimony pentachloride, and then 
by adding hydrogen fluoride thereto. JP-A-3-151336 discloses a method for fluorinating hexachlorocyciopentadiene in 
a gas phase in the presence of chlorine and hydrogen fluoride using a Mg/Bi/Fe oxide as a catalyst, thereby to obtain 

35 1 ,2-dichlorohexaf luorocyclopentene. It is, however, necessary to previously f luorinate such oxides, which are disclosed 
in JP-A-3-151336 and U.S. Patent 3,258,500, if they are used as fluorination catalysts. This fluorination takes a long 
time, and it is difficult to achieve a complete fluorination. 

[0004] One of the aimed products of the invention, that is, 1,1 -dichlorooctaf luorocyclopentane, is a useful com- 
pound, since it can easily be reduced by hydrogen to heptaf luorocyclopentane. A method for producing 1,1- 
40 dicholorooctaf luorocyclopentane is disclosed in U.S. Patent 5,416,246. In this method, it is produced through isomeri- 
zation of 1 ,2-dichlorooctaf luorocyclopentane by passing 1 ,2-dichlorooctaf luorocyclopentane, together with hexaf luoro- 
propene, through chlorof luorinated aluminum heated at 130°C. 

SUMMARY OF THE INVENTION 

45 

[0005] It is therefore an object of the present invention to provide a method for preparing a perhalogenated five- 
membered cyclic compound, such as 1 ,2-dichlorohexaf luorocyclopentene or 1,1 -dichlorooctaf luorocyclopentane, 
which method is appropriate for the production of the same in an industrial scale. 

[0006] According to the present invention, there is provided a method for preparing a fluorinated product that is a 
so first perhalogenated five-membered cyclic compound. This method comprises reading in a gas phase a starting mate- 
rial that is a second perhalogenated five-membered cyclic compound (e.g., perchlorocyclopentadiene or perchlorocy- 
clopentene) having at least one unsaturated bond, at substantially the same time with chlorine and hydrogen fluoride, 
in the presence of a fluorination catalyst comprising an activated carbon optionally carrying thereon a metal compound, 
thereby to decrease the number of said at least one unsaturated bond and to increase the number of fluorine atoms of 
55 said second compound. By this reacting, it becomes possible to obtain the first perhalogenated five-membered cyclic 
compound with a high yield, such as chlorofluorocyclopentenes and chlorofluorocyclopentanes, particularly 1,2-dichlo- 
rohexaf luorocyclopentene and 1,1 -dichlorooctaf luorocyclopentane. in this method, it is not necessary to use a special 
pressure-tight reactor nor have many reaction steps. Furthermore, the above fluorination catalyst can easily be pre- 
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pared and is stable for a long time in activity. 
DESCRIPTION OF THE PRE FERRED EMBODIMENTS 

5 [0007] In the invention, the fluorinated product, that is, the first perhalogenated five-membered cyclic compound, 
may be a first perhalogenated cyclopentene represented by the general formula CsCIdF^d, where D is an integer of 0- 
7, or a perhalogenated cyclopentane represented by the general formula C 5 CI E F 10 . E , where E is an integer of 0-9. Fur- 
thermore, the starting material, that is, the second perhalogenated five-membered cyclic compound, may be a perhal- 
ogenated cyclopentadiene represented by the general formula C 5 CI A F 6 . A , where A is an integer of 0-6, or a second 

w perhalogenated cyclopentene represented by the general formula C5CI b F 8 .b, where B is an integer of 0-8. As stated 
above, the fluorinated product is less than the starting material in the number of unsaturated bonds in the molecule. 
[0008] As mentioned above, the fluorinated product is greater than the starting material in the number of fluorine 
atoms in the molecule. Therefore, in case that the starting material is the perhalogenated cyclopentadiene represented 
by the general formula C 5 CI A F 6 . A , where A is an integer of 0-6, and the fluorinated product is the first perhalogenated 

rs cyclopentene represented by the general formula C 5 CI D F S . [> where D is an integer of 0-7, A and D are such that the 
expression D < (2+A) is satisfied. Similarly, in case that the starting material is the perhalogenated cyclopentadiene 
represented by the general formula C 5 CI A F 6 . A , where A is an integer of 0-6, and the fluorinated product is the perhalo- 
genated cyclopentane represented by the general formula C 5 CI E F 10 . E , where E is an integer of 0-9, A and E are such 
that the expression E < (4+A) is satisfied. Similarly, in case that the starting material is the second perhalogenated 

20 cyclopentene represented by the general formula C 5 CI B F3. B , where B is an integer of 0-8, and the fluorinated product 
is the perhalogenated cyclopentane represented by the general formula C 5 CI E F 10 . El where E is an integer of 0-9, B and 
E are such that the expression E < (2+B) is satisfied. 

[0009] As mentioned above, the starting material is reacted with chlorine and hydrogen fluoride at substantially the 
same time. This timing of "at substantially the same time" means that the reaction is conducted under a condition that 

25 both chlorine and hydrogen fluoride are present in a single reaction system prepared by supplying these to this reaction 
system. It is, however, optional to conduct the reaction under an analogous condition, in which both chlorine and hydro- 
gen fluoride become present in a single reaction system only if the average of a period of time is taken, by intermittently 
supplying chlorine and hydrogen fluoride to the reaction system. In other words, the timing of "at substantially the same 
time" may include this analogous condition. 

30 [0010] One starting material of the invention, that is, the perhalogenated cyclopentadiene represented by the gen- 
eral formula C 5 CI A Fe_ Al where A is an integer of 0-6, may be, for example, perchlorocyclopentadiene. The method for 
producing perchlorocyclopentadiene is not particularly limited. For example, it can be obtained by heating pentane, iso- 
pentane, cyclopentane or the like, together with chlorine, at a temperature of 300-430°C, on acid clay or another sur- 
face-active substance, followed by heating at a temperature of 450-525°C. 

35 [0011] Another starting material of the invention is the second perhalogenated cyclopentene represented by the 
general formula 050^8.3, where B is an integer of 0-8. In this cyclopentene, the number of chlorine atoms may vary 
from 0 to 8, and that of fluorine atoms may vary from 0 to 7. These halogen atoms may be bonded to any carbon atoms. 
This cyclopentene is not limited to a particular compound(s). Examples of this cyclopentene are 1-chloroheptafluorocy- 
clopentene, 1 ,2-dichlorohexaf luorocyclopentene, 1 ,2,3-trichloropentaf luorocyclopentene, 1 ,2,4-trichloropentaf luorocy- 

40 clopentene, 1 ,2,3,4-tetrachlorofluorocyclopentene, 1 ,2,3,4,4-pentachlorotrifluorocyclopentene, 

hexachlorod'rfluorocyclopentene, hexachlorodrfluorocyclopentene, heptachlorofluorocyclopentene, and octachlorocy- 
clopentene. Of these, 1 ,2-dichlorohexaf luorocyclopentene is the most preferable. The second perhalogenated 
cyclopentene may be prepared by a conventional method. In connection with this, Newcomer; McBee, J. Amer. Chem. 
Soc., 71 (1949) 946, 950 discloses a method for producing octachlorocyclopentene by chlorinating hexachlorocy- 

45 clopentadiene with chlorine using a metal chloride as a catalyst. Furthermore, Henne et al., J. Am. Chem. Soc., 67, 
1235 (1945) discloses a reaction of octachlorocyclopentene with a mixture of antimony trifluoride and antimony trrfluo- 
rodichloride, thereby to obtain 1 ,2-dichlorohexaf luorocyclopentene, 1, 2, 4-trichloropentaf luorocyclopentene, and 
1,2,3,4-tetrachlorotetrafluorocyclopentene. 

[001 2] One fluorinated product of the invention is the first perhalogenated cyclopentene represented by the general 
50 formula CsCIdF^d, where D is an integer of 0-7. In this cyclopentene, the number of chlorine atoms may vary from 0 to 
7, and that of fluorine atoms may vary from 1 to 8. These halogen atoms may be bonded to any carbon atoms. Exam- 
ples of this cyclopentene are octaf luorocyclopentene, 1-chloroheptaf luorocyclopentene, 1 ,2-dichlorohexaf luorocy- 
clopentene, 1 ,2,4-trichloropentaf luorocyclopentene, 1 ,2,3-trichloropentaf luorocyclopentene, 1 ,2,3.4- 
tetrachlorotetraf luorocyclopentene, 1 ,2,3,4,4-pentachlorotrif luorocyclopentene, hexachlorodifluorocyclopentene, hex- 
55 achlorodif luorocyclopentene, and heptachlorofluorocyclopentene. Of these, 1 ,2-dichlorohexafluorocyclopentene is the 
most preferable. 

[001 3] Another fluorinated product of the invention is the perhalogenated cyclopentane represented by the general 
formula C 5 CI e F 10 -e. where E is an integer of 0-9. Preferable examples of this cyclopentane are 1 ,1,2,2-tetrachlorohex- 
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afluorocyclopentane, 1,1,2-trichloroheptafluoropentane, 1,1-dichlorooctaf luorocyclopentane, 1,2-dichlorooctafluorocy- 
clopentane, chlorononaf luorocyclopentane and decaf luorocyclopentane. Of these, 1,1-dichlorooctafluorocyclopentane 
is particularly preferable. 

[0014] The fluori nation catalyst used in the invention comprises an activated carbon optionally carrying thereon a 
5 metal compound. This metal compound contains at least one metal selected from metals of 4, 5, 6, 7, 9, 1 0, 1 1 , 1 4 and 
15 groups of periodic table. Preferable examples of the at least one metal are manganese, cobalt, nickel, molybdenum, 
niobium, copper, antimony, titanium, tin and tantalum. Of these, molybdenum, niobium, tantalum and antimony are 
more preferable examples. 

[001 5] In the invention, the activated carbon, which is used as a carrier of the f luorination catalyst or the f luorination 

10 catalyst itself, is not limited to a particular type. The activated carbon may be prepared from a vegetable raw material 
such as wood, sawdust, charcoal, coconut husk coal, palm core coal, or raw ash; a coal such as peat, lignite, brown 
coal, bituminous coal, or anthracite; a petroleum raw material such as petroleum residue, sulfuric sludge, or oil carbon; 
or a synthetic resin raw material. The activated carbon may be selected from various commercial activated carbons. 
Examples of commercial activated carbons that are usable in the invention are an activated carbon having a trade name 

15 of CALGON GRANULAR ACTIVATED CARBON CAL that is made of bituminous coal and made by TOYO CALGON 
CO. and a coconut husk coal made by Takeda Chemical Industries, Ltd. An activated carbon used in the invention is 
generally in the form of granules. Its shape and size are not particularly limited, and may be decided depending on the 
reactor's size. It is preferable that the activated carbon used in the invention has a large specific surface area. Commer- 
cial products of activated carbon will suffice for the invention with respect to specific surface area and micropore vol* 

20 ume. In the invention, the specific surface area of the activated carbon is preferably greater than 400 m 2 /g, more 
preferably from 800 to 3,000 rrftg. Furthermore, the micropore volume of the activated carbon is preferably greater than 
0.1 cm 3 /g, more preferably from 0.2 to 1.5 cm 3 /g. In the invention, it is preferable to use an activated carbon prepared 
from a vegetable raw material such as wood, sawdust, charcoal, coconut husk coal, palm core coal, or raw ash. Prior 
to the use of the activated carbon, it is preferable to activate the surface of the activated carbon and remove ashes 

25 therefrom by immersing the activated carbon in a basic aqueous solution of ammonium hydroxide, sodium hydroxide, 
potassium hydroxide or the like at about room temperature for about 1 0 hr or more or by subjecting the activated carbon 
to a pretreatment with an acid such as nitric acid, hydrochloric acid or hydrofluoric acid at room temperature or under a 
heated condition. This pretreatment is conventionally used, upon the use of activated carbon as a catalyst carrier. 
[0016] In case that the activated carbon (carrier) carries thereon a high valency metal halide, it is preferable to 

30 remove water as much as possible from the carrier by heating, vacuum or the like, prior to the application of the high 
valency metal halide in order to prevent deterioration of the halide caused by hydrolysis or the like. The metal of this 
halide can be selected from antimony, molybdenum, niobium, tantalum, and the like. 

[001 7] In the invention, the amount of at least one metal that is carried on the activated carbon (carrier) is preferably 
from 0.1 to 50 parts by weight, more preferably from 0.5 to 50 parts by weight, still more preferably from 2 to 50 parts 

35 by weight, further more preferably from 5 to 50 parts by weight, relative to 100 parts by weight of the carrier. If the 
amount of the at least one metal is too much, the catalyst may become powdery and thus should be handled with care. 
[001 8] In the invention, the method for preparing a f luorination catalyst that comprises an activated carbon (carrier) 
carrying thereon a metal compound is not particularly limited. In the preparation of this f luorination catalyst, the carrier, 
which has been subjected to the above-mentioned pretreatment, may be immersed into a solution of the metal com- 

40 pound or the metal compound itself, if it is in the form of liquid, or alternatively the solution or the metal compound itself 
may be sprayed on the carrier. TTien, the carrier is dried and then brought into contact with a f luorination agent in the 
gas form (e.g., hydrogen fluoride and chlorofluorohydrocarbon) under a heated condition, thereby to partially or com- 
pletely fluorinate the metal compound carried thereon. With this, the preparation of the fluorination catalyst is com- 
pleted. 

45 [0019] In the invention, the metal compound used for preparing the fluorination catalyst may be at least one of 
nitrate, chloride, organic acid salt, organic complex and the like of the at least one metal, which is soluble in a solvent 
such as water, ethanol, or acetone. Furthermore, the metal compound, such as oxide or hydroxide, or the elemental 
metal may be dissolved in a mineral acid, such as hydrochloric acid or nitric acid, in the preparation of the fluorination 
catalyst. Nonlimitative examples of the metal compound are manganese nitrate, manganese chloride, manganese diox- 

50 ide, manganese acetate, nickel nitrate, nickel chloride, nickel acetate, cobalt nitrate, cobalt chloride, molybdenum chlo- 
ride, niobium chloride, copper nitrate, copper chloride, antimony pentachloride, antimony trichloride, antimony 
pentafluoride, titanium tetrachloride, titanium trichloride, tin tetrachloride, and tantalum pentachloride. 
[0020] In the invention, a fluorination catalyst having the activated carbon (carrier) carrying thereon a halide of a 
metal of high valence, such as antimony, molybdenum, niobium, tantalum, titanium or tin, can be prepared as follows. 

55 For example, such halide itself, if it is in the form of liquid at room temperature, is gradually added to an activated carbon 
that has been subjected, according to need, to a pretreatment such as desiccation, acid treatment and the like. Alter- 
natively, the activated carbon is immersed in a solution, in which such halide is dissolved in an inert solvent, followed by 
heating and/or vacuum. Examples of this inert solvent are chlorinated solvents such as carbon tetrachloride, chloro- 
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form, methylene chloride, tetrachloroethylene, trichloroethylene, and tetrachloroethane; fluorochlorinated solvents such 
as2,2-dichloro-1,1,1-trlfluoroethane, 1,1,-dichloro-1-fluoroethane, 3,3-dichloro-1,1,1,2,2-pentafluoropropane, and 1,3- 
dichloro-1 ,1 ,2,2,3-pentafluoropropane; and alcohols such as methanol, ethanol and isopropanol. Antimony compounds 
are relatively easily oxidized. Thus, it is optional to immerse the carrier in a solution, in which a halide of a metal of low 
s valence, such as antimony trichloride, is dissolved in the above-mentioned inert solvent, and then turn this halide into 
a pentavalent halide, for example, by chlorine. In the invention, a halide of high valence metal may be antimony pen- 
tachloride, antimony perrtafluoride, molybdenum pentachloride, niobium pentachloride, tantalum pentachloride, tin tet- 
rachloride, or titanium tetrachloride. This halide may be a mixture of at least two halides. 

[0021] In the invention, compositional change of the fluorination catalyst during the fluorination can effectively be 
10 prevented by treating, prior to the fluorination, the fluorination catalyst with a fluorination agent such as hydrogen fluo- 
ride, fluorohydrocarbon or fluorochlorohydrocarbon, at a temperature not lower than the reaction temperature of the 
fluorination. Once the fluorination catalyst activity is inactivated by the reaction, it is possible to reactivate the catalyst 
by bringing the inactivated catalyst into contact with an oxidative substance such as oxygen, air, ozone and chlorine. In 
some cases, it is preferable to continuously or intermittently supply to the reaction system an active substance, such as 
is oxygen, ozone, chlorine, chlorine fluoride, chlorine trrfluoride, nitrogen oxide, or nitrous oxide, in order to maintain the 
activity of the fluorination catalyst. 

[0022] In the invention, the reaction temperature of the fluorination is preferably from about 1 00 to about 800°C. In 
the production of the first perhalogenated cyclopentene, it is preferably from about 1 00 to about 500°C, more preferably 
from 120 to 400°C, still more preferably from 120 to 300°C. In the production of the perhalogenated cyclopentane, it is 

20 preferably from about 150 to about 800°C, more preferably from 200 to 750°C, still more preferably from 250 to 700°C. 
If the reaction temperature is lower than the preferable lower limit (1 00°C or 1 50°C), the reaction rate may become too 
low and thus impractical. If the reaction temperature is too high, the reaction rate becomes high. This, however, causes 
the deterioration of the fluorination catalyst, and it is not economical, since it requires a large amount of heat energy. 
[0023] In the invention, the molar ratio of the starting material, which is supplied to the reaction zone, to hydrogen 

25 fluoride may be in a range of 1/1 00 to 1/2 and may vary, depending on the type and composition of the starting material, 
the type and composition of the f luorinated product, and the reaction temperature. For example, if it is intended to obtain 
1,2-dichlorohexafluorocyclopentene or 1,1-dichlorocyclopentane from perchlorocyclopentadiene or octachlorocy- 
clopentene, the molar ratio is preferably from 1/90 to 1/5, more preferably from 1/80 to 1/10, still more preferably from 
1/60 to 1/20. As another example, if it is intended to obtain 1,1-dichlorooctafluorocyclopentane from 1,2-dichlorohex- 

30 afluorocyclopentene, the molar ratio is preferably from 1/30 to 1/2, more preferably from 1/20 to 1/3. It is preferable to 
suitably increase the amount of hydrogen fluoride relative to that of the starting material, in case that the fluorinated 
product is intended to have a higher degree of fluorination. If the amount of hydrogen fluoride is excessive, the produc- 
tion per unit time may become too low. On the other hand, if it is too small, conversion and yield may become too low. 
[0024] In the invention, the amount of chlorine, which is supplied to the reaction system, is preferably at least 1 mol 

35 relative to 1 mol of the starting material. From the viewpoint of stoichiometry, the amount of chlorine required in the 
reaction depends on the type and the composition of the starting material. In fact, it is preferable to supply at least 1 mol 
of chlorine relative to 1 mol of the starting material in order to obtain a perhalogenated cyclopentene from a perhalo- 
genated cyclopentadiene or obtain a perhalogenated cyclopentane from a perhalogenated cyclopentene. Furthermore, 
it is preferable to supply at least 2 moles of chlorine relative to 1 mol of the starting material in order to obtain a perhal- 

40 ogenated cyclopentane from a perhalogenated cyclopentadiene. Thus, the preferable lower limit of the chlorine supply 
is 1 md or 2 moles relative to 1 mol of the starting material. The upper limit of the chlorine supply is preferably about 
50 moles, more preferably 30 moles, still more preferably 10 moles, still further preferably 5 moles, relative to 1 mol of 
the starting material. Even if an excessive amount of chlorine is used, it does not interfere with the reaction. If the 
amount of chlorine is, however, so excessive, it may become cumbersome to treat the unreacted chlorine. It is possible 

45 to use an excessive amount of chlorine in case that a perhalogenated cyclopentane is intended as the fluorinated prod- 
uct of the reaction. 

[0025] In the invention, the reaction pressure of the fluorination is not particularly limited. It is preferably from 1 to 
1 0 kg/cm 2 in view of the selection of devices. It is preferable to choose a suitable reaction condition in which intermedi- 
ate substances and hydrogen fluoride, which are present in the reaction system, do not essentially liquefy, that is, they 
so are not present in the form of liquid drops. The contact time of the fluorination is preferably from 0.1 to 300 seconds, 
more preferably from 1 to 1 00 seconds, still more preferably from 2 to 50 seconds. 

[0026] In the invention, a reactor used in the fluorination is preferably made of a material that is heat resistant and 
corrosion resistant against hydrogen fluoride, hydrogen chloride, chlorine and the like, such as stainless steel, Hastel- 
loy, Monel metal or platinum, or a material lined with one of these metals. In the invention, the fluorinated product, that 
55 is, a mixture of the first perhalogenated cyclopentene and the perhalogenated cyclopentane, may be purified by a con- 
ventional purification process that is not particularly limited. In this process, for example, the reaction products, together 
with hydrogen chloride, the unreacted hydrogen fluoride and chlorine, are taken out of the reactor in the form of gas or 
liquid. Then, they are washed with water and/or a basic solution or subjected to a treatment such as distillation or liquid 
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phase separation, to remove hydrogen chloride and an excessive amount of hydrogen fluoride. Then, the remaining 
acid substances are removed by a basic substance or the like, followed by rectification, thereby to obtain the first pern- 
alogenated cyclopentene, the perhalogenated cyclopentane and the like. 

[0027] After the above-mentioned f luorination (first fluorination) of the starting material to obtain a f luorinated prod- 

5 uct, it is optional to conduct a further fluorination (second fluorination) of this f luorinated product. If the second fluorina- 
tion is conducted after the first fluorination, the above-mentioned rectification is not necessarily needed. In fact, in some 
cases, it may be only necessary between the first and second f luorinations to remove acid substances from the fluori- 
nated products of the first fluorination. In other cases, even the removal of acid substances therefrom may not be nec- 
essary, but only the decrease of the acid content of the f luorinated products may be sufficient. If the f luorinated products 

w of the first fluorination contain the unreacted raw materials and low-f luorinated products other than the aimed products, 
these substances can be used again in the first fluorination. Upon this reuse, according to need, it is possible to further 
f luorinate the perhalogenated cyclopentane. Alternatively, it is possible to conduct the second fluorination in order to 
further fluorinate the reaction products of the first fluorination into octafluorocyclopentene, decaf luorocyclopentane and 
the like. The second fluorination is not limited to a particular fluorination, and it can be conducted under a severer con- 

15 dition than that of the first fluorination, for example, by increasing the reaction temperature and/or by increasing the 
molar ratio of hydrogen fluoride to the starting material. Alternatively, the second fluorination can be conducted in a 
reaction manner different from that of the first fluorination. For example, the second fluorination can be a fluorination in 
which chlorine atom of the reaction products of the first fluorination is replaced with fluorine atom of a metal fluoride. 
This metal fluoride is commonly used for f luorinating chlorinated alkanes and chlorinated alkenes. In the second f luor- 

20 ination, a mixture of the first perhalogenated cyclopentene and the perhalogenated cyclopentane can be fluorinated. 
The metal fluoride used in the second fluorination is not particularly limited, and may be an alkali metal fluoride, such 
as lithium fluoride, sodium fluoride, potassium fluoride, cesium fluoride or rubidium fluoride. Of these, potassium fluo- 
ride and cesium fluoride are preferable. The amount by mol of this metal fluoride is preferably at least D, more preferably 
from D to 10D, still more preferably from D to 5D, relative to 1 mol of the raw material of the second fluorination, that is, 

25 the first perhalogenated cyclopentene represented by the general formula C5CIDF8.D, where D is an integer of 2-7. Sim- 
ilarly, the amount by mol of the metal fluoride is preferably at least E, more preferably from E to 10E, still more preferably 
from E to 5E, relative to 1 mol of the raw material of the second fluorination, that is, the perhalogenated cyclopentane 
represented by the general formula C 5 CI E F 10 . E where E is an integer of 2-9. According to need, it is optional to use a 
solvent in the second fluorination. Examples of this solvent are acid amides such as formamide, acetamide, N,N- 

30 dimethylformamide, N,N-dimethylacetamide and N-methylpyrrolidone, and sulfoxides such as dimethyl sulfoxide and 
diethylsulfoxide. According to need, this solvent may be mixed with a hydrocarbon (e.g., xylene) that is compatible with 
the solvent. The reaction temperature of the second fluorination is preferably not higher than 200°C, more preferably 
from 60 to 1 80°C, still more preferably from 80 to 1 50°C. The reaction time of the second fluorination is suitably decided 
depending on the type of the metal fluoride of the second fluorination, and it may be up to 24 hr. 

35 [0028] The following nonlimitative catalyst preparations are illustrative of the present invention. 

CATALYST PREPARATION 1 

[0029] At first, a 1 -liter glass flask was charged with 100 g of a granular coconut husk activated carbon made by 
40 Takeda Chemical Industries, Ltd. having a trade name of GRANULAR SHIRO SAGI GX, which is made of columnar car- 
bon grains having a size of 4-6 mesh screen, a surface area of 1 ,200 m 2 /g and a micropore diameter of 18A. Then, the 
glass flask was heated to a temperature of 130-150°C, followed by the removal of steam by vacuum with a vacuum 
pump. At the time when it was found that steam flow therefrom stopped, it was started to introduce nitrogen into the 
flask to have normal pressure. With this, an activated carbon catalyst C-1 was prepared. 

45 

CATALYST PREPARATION 2 

[0030] Catalyst Preparation 1 was repeated except in that the above activated carbon was replaced with (1 ) a gran- 
ular coconut husk activated carbon made by Takeda Chemical Industries, Ltd. having a trade name of GRANULAR 

so SHIRO SAGI CX, which is made of columnar carbon grains having a size of 4-6 mesh screen, (2) a granular coconut 
husk activated carbon made by Ohira Kagaku Sangyo Co. having a trade name of YASHICOL GX, which is made of 
columnar carbon grains having a size of 4-6 mesh screen, (3) a molecular sieving carbon made by Takeda Chemical 
Industries, Ltd. having a trade name of MOLSIEBON 5A, and (4) a granular coconut husk activated carbon made by 
Takeda Chemical Industries, Ltd. having a trade name of GRANULAR SHIRO SAGI G2X, which is made of columnar 

55 carbon grains having a size of 4-6 mesh screen, thereby to prepare catalysts C-2, C-3, C-4 and C-5, respectively. 



6 



CATALYST PREPARATION 3 

[0031] At first, Catalyst Preparation 1 was repeated, thereby to obtain an activated carbon that is same as the cat- 
alyst C-1 , in a 1 -liter glass flask. Then, dried ethanol was added to this activated carbon in a manner to thoroughly soak 

5 the activated carbon therewith. Separately, a 500 ml glass flask was charged with 9.9 g of tantalum pentachloride, and 
then 200 ml of dried ethanol was added thereto. The resultant mixture was stirred to prepare a tantalum pentachloride 
solution. This solution was added to the 1 -liter glass flask. The obtained mixture was stirred gently and then was 
allowed to stand still for 2 days. Then, the activated carbon was taken out of the fiask and then dried in an evaporator. 
Then, the activated carbon was put into a cylindrical reaction tube that is equipped with an electric furnace and is made 

10 of stainless steel (SUS304) and has a diameter of 2.5 cm and an axial length of 40 cm. The reaction tube temperature 
was increased to 400°C, while nitrogen gas was allowed to flow therethrough. This condition was maintained for 4 hr. 
Then, the reaction tube temperature was decreased to room temperature, thereby to prepare a tantalum-carried acti- 
vated carbon catalyst M-1 . 

15 CATALYST PREPARATION 4 

[0032] Catalyst Preparation 3 was repeated except in that 9.9 g of tantalum pentachloride was replaced with 1 4.5 
g of niobium pentachloride. With this, a niobium-carried activated carbon catalyst M-2 was prepared. 

20 CATALYST PREPARATION 5 

[0033] Catalyst Preparation 3 was repeated except in that 9.9 g of tantalum pentachloride was replaced with 14.3 
g of molybdenum pentachloride. With this, a molybdenum-carried activated carbon catalyst M-3 was prepared. 

25 CATALYST PREPARATION 6 

[0034] At first, a granular coconut husk activated carbon that is the same as that of Catalyst Preparation 1 was dried 
at a temperature of 100-1 20°C under reduced pressure. Then, 200 ml of the dried activated carbon was put into a 300 
ml eggplant type flask. Then, 100 g of antimony pentachloride was dropped from a dropping funnel onto the activated 

30 carbon at a temperature of not higher than 50°C, while the flask was shaken sufficiently. Then, 200 ml of the obtained 
activated carbon carrying thereon antimony pentachloride was put into a cylindrical reaction tube that is the same as 
that of Catalyst Preparation 3. Then, the reaction tube temperature was gradually increased from room temperature to 
150°C, while nitrogen was introduced thereinto at a rate of 1.2 liter/hr and hydrogen fluoride vaporized by a vaporizer 
connected to the reaction tube was introduced thereinto at a rate of 36 g/hr. This condition was maintained for 1 hr at 

35 1 50°C. Then, the hydrogen fluoride flow was stopped, and then the reaction tube was decreased to room temperature. 
After that, the reaction tube temperature was gradually increased from room temperature to 150°C, while chlorine was 
introduced thereinto at a rate of 300 ml/hr. This condition was maintained for 1 hr at 150°C, thereby to prepare an anti- 
mony-carried activated carbon catalyst M-4. 

40 CATALYST-PREPARATION 7 

[0035] At first, a 1 -liter glass flask was charged with 1 00 g of a granular coconut husk activated carbon that is the 
same as that of Catalyst Preparation 1 . Then, the flask was heated to a temperature of 130-150°C, and then steam was 
removed under reduced pressure with a vacuum pump. At the time when it was found that steam flow therefrom 

45 stopped, it was started to introduce nitrogen into the flask to have normal pressure. Then, dried ethanol was added to 
the activated carbon in a manner to thoroughly soak the activated carbon therewith. Separately, a 300 ml glass flask 
was charged with 100 g of pure water, followed by heating at 90°C. Then, 1 .67 g of palladium chloride and 5 g of 35% 
hydrochloric acid were added thereto, followed by stirring to dissolve these substances. Then, an iron nitrate solution 
was added thereto, followed by stirring for 1 hr to prepare a solution. This solution was added to the 1 -liter glass flask. 

so The obtained mixture was stirred gently and then was allowed to stand still for 2 days. Then, the activated carbon was 
taken out of the flask and then dried in an evaporator. Then, the activated carbon was put into a cylindrical reaction tube 
that is the same as that of Catalyst Preparation 3. The reaction tube temperature was increased to 450°C, while nitro- 
gen gas was allowed to flow therethrough. This condition was maintained for 4 hr. Then, the reaction tube temperature 
was decreased to room temperature, thereby to prepare an iron-and-palladium-carried activated carbon catalyst M-5. 

55 

CATALYST PREPARATION 8 

[0036] At first, 800 g of an activated alumina, KHS-46 (trade name) of SUMITOMO CHEMICAL CO., LTD. having a 
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particle diameter of 4-6 mm, was washed with water to remove powder from its surface. Separately, 306 g of hydrogen 
fluoride (anhydrous hydrofluoric acid) was dissolved in 2,760 g of water, to prepare a 10% hydrogen fluoride aqueous 
solution. Then, this solution was gradually poured onto the activated alumina, followed by stirring. After that, it was 
allowed to stand still for 3 hr, and then the activated alumina was taken out of the solution, then washed with water, then 

5 filtered, and then dried for 2 hr in an electric furnace at 200°C. The dried activated alumina in an amount of 800 ml was 
introduced into a stainless steel (SUS 304) cylindrical reaction tube having an inside diameter of 4.2 cm and an axial 
length of 60 cm. The temperature of the reaction tube was increased to 200°C in the furnace, while nitrogen was 
allowed to flow through the reaction tube. Then, hydrogen fluoride, together with nitrogen, was allowed to flow there- 
through, to fluorinate the activated alumina. As this fluorination proceeded, the temperature increased. However, the 

ro flow rates of nitrogen and hydrogen fluoride were suitably adjusted to make the temperature not higher than 400°C. 
After the heat generation terminated, the temperature of the furnace was maintained at 400°C for 2 hr, thereby to pre- 
pare a fluorinated alumina. 

[0037] Then, a 1 -liter glass flask was charged with 200 g of the obtained fluorinated alumina. Then, dried ethanol 
was added to the fluorinated alumina in a manner to thoroughly soak the fluorinated alumina therewith. Separately, a 

15 1 -liter glass flask was charged with 29.1 g of niobium pentachloride, and then 400 ml of dried alcohol was added 
thereto. The resultant mixture was stirred to prepare a niobium pentachloride solution. This solution was added to the 
1 -liter glass flask containing the fluorinated alumina. The obtained mixture was stirred gently and then was allowed to 
stand still for 2 days. Then, the fluorinated alumina was taken out of the flask and then dried in an evaporator. Then, the 
activated carbon was put into a cylindrical reaction tube that is the same as that of Catalyst Preparation 3. The reaction 

20 tube temperature was increased to 400°C, while nitrogen gas was allowed to flow therethrough. This condition was 
maintained for 4 hr. Then, the reaction tube temperature was decreased to room temperature, thereby to prepare a nio- 
bium-carried fluorinated alumina catalyst M-6. 

CATALYST PREPARATION 9 

25 

[0038] Catalyst Preparation 6 was repeated except in that the granular coconut husk activated carbon (GRANULAR 
SHIRO SAGI GX) was replaced with another granular coconut husk activated carbon made by Takeda Chemical Indus- 
tries, Ltd. having a trade name of GRANULAR SHIRO SAGI G2X, which is made of columnar carbon grains having a 
size of 4-6 mesh screen. With this, an antimony-carried activated carbon catalyst M-7 was prepared. 
30 [0039] The following nonlimitative examples are illustrative of the present invention. Hereinafter, abbreviations may 
be used for representing the following compounds: 

1 C9F-CPA: chlorononaf luorocyclopentane; x 

1C7F-CPE: 1 -chloroheptafluorocyclopentene; 
35 2C8F-CPA: 1 , 1 -dichlorooctaf luorocyclopentane; 

2C6F-CPE: 1 ,2-dichlorohexaf luorocyclopentene; 

3C7F-CPA: 1 ,1 ,2-trichloroheptaf luorocyclopentane; 

3C5F-CPE: trichloropentafluorocyclopentene; 

4C6F-CPA:tetrachlorohexafluorocyclopentane; 
40 4C4F-CPE: tetrachiorotetrafluorocyclopentene; 

5C3F-CPE: pentachlorotrifluorocyclopentene; 

8C-CPE: perchlorocyclopentene; and 

6C-CPDE: perchlorocyclopentadiene. 

45 EXAMPLE 1 

[0040] At first, 180 ml of the gas phase fluorination catalyst (activated carbon catalyst C-1) prepared at Catalyst 
Preparation 1 was put in a cylindrical reaction tube that is the same as that of Catalyst Preparation 3. Then, while chlo- 
rine gas was allowed to flow therethrough at a rate of about 50 ml/min, the reaction tube temperature was gradually 
increased. When it reached 347*0, the flow rate of chlorine gas was changed from about 50 ml/min to 100 ml/min (6 

so liter/hr). Upon this, it was started to introduce each of hydrogen fluoride and 1 ,2-dichlorohexaf luorocyclopentene 
(2C6F-CPE) into the reaction tube at a rate of 0.6 g/min (36 g/hr). About 1 0 hr after the start of the reaction, the reaction 
reached a steady state. Upon this, a gas component discharged from the reaction tube was analyzed by gas chroma- 
tography. With this, as shown in Table 1, it was found that the gas component contained 0.5% of 1 C9F-CPA, 0.1% of 
1C7F-CPE, 69.8% of 2C8F-CPA, 1 1.4% of 2C6F-CPE, 13.1% of 3C7F-CPA, and 1.7% of 3C5F-CPE. These percent- 

55 ages are areal percentages in chromatogram, and FID was used as detector of gas chromatography. 
[0041] 1,1-dichlorooctafluorocyclopentane: 19 F-NMR 

: -119.2ppm(s, 4F), -122.5ppm(s, 4F) (CC13F:0ppm) 
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: 13C-NMR: 112.2ppm, 110.3ppm, 80.0ppm (CDC13:77.0ppm) :MS(EI):282(M+), 263, 247, 228. 213, 197, 178. 
163 (base peaks), 147. 131, 100. 
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EXAMPLES 2-14 

[0042] In each of Examples 2-14, Example 1 was repeated except in that selective changes were made with 
respect to reaction conditions shown in Table 1 . In each of Examples 2-14, the gas chromatographic analysis was con- 
5 ducted after a steady state was reached. Examples 2-14 were not the same, but within a range of 2-10 hr, with respect 
to the time from the start of the reaction to the steady state. 

REFERENTIAL EXAMPLE 1 

10 [0043] Example 1 was repeated except in that selective changes were made with respect to reaction conditions 
shown in Table 1 and that the gas chromatographic analysis was conducted 2 hr after the start of the reaction. 

REFERENTIAL EXAMPLE 2 

75 [0044] At first, 180 ml of the gas phase fluorination catalyst (activated carbon catalyst M-3) prepared at Catalyst 
Preparation 5 was put in a cylindrical reaction tube that is the same as that of Catalyst Preparation 3. Then, while nitro- 
gen gas was allowed to flow therethrough at a rate of about 50 ml/min, the reaction tube temperature was gradually 
increased. When it reached 330°C, it was started to introduce each of hydrogen fluoride and 1 ,2-dichlorohexaf luorocy- 
clopentene into the reaction tube at a rate of 0.4 g/min (24 g/hr). About 5 hr after the start of the reaction, the reaction 

20 reached a steady state. Upon this, a gas component discharged from the reaction tube was analyzed by gas chroma- 
tography. The results are shown in Table 1 . 

EXAMPLE 15 

25 [0045] At first, 100 ml of the gas phase fluorination catalyst (activated carbon catalyst M-7) prepared at Catalyst 
Preparation 9 was put in a cylindrical reaction tube that is the same as that of Catalyst Preparation 3. Then, the reaction 
tube temperature was gradually increased. When, it reached 50°C, it was started to introduce nitrogen, chlorine and 
hydrogen fluoride into the reaction tube at rates of 20 ml/min, 30 ml/min and 0.64 g/min, respectively. This hydrogen 
fluoride was vaporized by a vaporizer connected to an upper part of the reaction tube, prior to the introduction. When 

30 the reaction tube temperature reached 1 90°C, the nitrogen flow was stopped. Then, 77.9 g of hexachlorocyclopentadi- 
ene (6C-CPDE) and 164.0 g of hydrogen fluoride were supplied to the reaction tube by spending 4.25 hr. Then, a gen- 
erated gas discharging from the reaction tube was collected by a trap having iced water. With this, 63.6 g of an organic 
matter was obtained. This organic matter was analyzed by gas chromatography and found to have a composition of 
74.0% 2C6F-CPE, 0.2% 3C7F-CPA, 19.2% 3C5F-CPE, 4.2% 4C4F-CPE, and 0.3% 5C3F-CPE, as shown in Table 2. 

35 
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